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This invention relates to a novel method of magnetically manipulating stem ceHs ex 
vivo or in vivo and to methods of treatment related thereto. 

The use of stem cells in the form of a cell-based therapies is currently one of the most 
exciting and promising areas for disease treatment and reparative medicine. Clearly, 
basic research into the ways by which proliferation and differentiation of e.g. 
embryonic and adult stem cells can be controlled is vitally important. 



US Patent No. .6,548,264 describes silica coated nanoparticles winch comprise a 
magnetic metal core. The magnetic core present in the particles enables the particles 
to be responsive to a magnetic field and therefore, the particles are suitable for use in 
diagnostic, imaging and recording systems. However, the nanoparticles of the prior 
art may suffer fiom we disadvantage mat they do not define the method of activation 
at a cellular level. 



Magnetic bead twisting cytometry has been used to define the mechanical propemes 
of single cells and to demonstrate that external mechanical forces can be transmitted 
20 across the cell surface and through me cytoskeleton via transmembrane cell adhesion 
molecules such as integrins, see, for example, Wang, N and fogberger, DB (1995) 
Probing transmembrane mechanical coupling and cytoraechanics using magnetic 
twisting cytometry. Biodkem. Cell Biol. 73; 327-335. 

There have been many developments in biocompatible magnet nanoparticle 
synthesis, characterization 1 " 1 and applications of novel magnetic techniques in foe 
field of healthcare 4 " 6 . This work primarily has involved investigating the controlled 
and directed transport of pharmaceuticals. In these systems therapeutic drugs or 
genes may be attached to magnetic carrier particles (usually polymer coaled 
30 magnetite), which are then concentrated at foe target site in vivo by the application of 
spatially focused, high gradient magnetic fields- Once the drug/carrier complexes 
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have accmmOated at me target site, the drug is released and uptaKe at me sizes is 
enhanoed. Investigation^ have been made into new methods for magnetic targeting 
for gene therapy as wen as theoretically and experimentally examining and 
improving deposition of magnetic micro- and nanoparticle camera in model systems 
5 in vitro and in vivo 4 " 6 * 



10 



15 



20 



25 



30 



applied to the cell membrane using torqua or 
mbrane proteins such as RGD or collagen 
molecules has been described by a number of researches 7 ' 8 . These experiments use 
•mechanical* stimulation, of the membrane to trigger short term internal calcium 
fluxes in a variety of cells. It is known that mechanical signalling using oti 
techniques can trigger diffcatrtrtiation pathways in bono marrow stromal cells down 
the osteogenic lineage" and in particular, that low level me 
the membrane can up-regulate expression and DNA binding 
specific transcription fectore, cbfel and cfi* IM3 . 



"i 9 



hx these investigations, force can be applied to a number of different tagged 
receptors. It has been demonstrated how we can influence downstream processes and 
enhance collagen and other matrix protein synthesis 15 . Using bone mairow derived 
mesenchymal stem cells conditioned to differentiate along the osteogenic and 
chondrogenic lineage we have been investigating downstream gene regulation in 
response to magnetic particle activation of specific receptors. Preliminary data has 





mm 







calcium channels in human mesenchymal stem cells followed by up-regulation of a 
mecbanosensitive matrix protein, osteoponttrx In addition, we have evidence of up- 
regulstioA of SOX 9 following stimulation of monolayer human dedifferentiated 
chondrocytes. These studies have been extended to 3D analysis of cell-seeded 
scaffolds over long-term culture to investigate the use of these strategies for construct 
fabrication in tissue engineering in vitro. Furthermore, preliminary studies which 
include a dose-response analysis of particle number and force applied are 
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encouraging and indicate increased matrix synthesis and expression of the osteogenic 
phenotype 14 . 

9 

Bone marrow contains multipotential stromal atem cells or mesenchymal stem cells 
5 -which can differentiate into, inter alia, fibroblastic, osteogenic, adipogsnic and 
reticular colls. These mesenchymal stem cells, such as human bone marrow stromal 
fibroblasts can be isolated from volunteer donors and may retain their multilinoage 
(adipocyte, chondxogenic, osteoblastic) potential. Owe advantage in the use and 
manipulation of the aforementioned cells lies in their lack of immunogemcity which 
1 0 provides the potential fbr use of these cells in, inter alia, cartilage and bone repair. 

Our as yet unpublished co-peading International Patent Application, No. 
PCT/GB2003/ 002624 combines the magnetic nanoparticle approach with knowledge 
of mcchanos ensitive ion channels, in particular, the TREK K+ channel. It is 

15 established that the TREK channel is present in osteogenic, chondrogenic and bone 
matrow stromal cells In order to define more closely the targeting of specific 
receptors to control activation, we have used HJS-tagged clones of the TREK gene. 
HIS tags have been inserted into particular regions of the TREK molecule to allow 
attachment of HE antibody or NI 2+ bound magnetic particles which can then be 

20 remotely torques using a magnetic field Sites of the ion channel protein which lie 
both internal and external to the cell membrane have been tagged and in this way we 
can identify the mechaJUOsensitive regions of the molecule as well as define the signal 
frequencies required to switch on downstream processes. Figure 2 shows the results 
of experiments using bone marrow stromal cells with internal calcium levels up- 

25 regulated as a result of the application of magnetic fields to magnetic nanop articles 
attached to a His-tagged TREK channel 

It has been shown that conditioning connective tissue cells in vitro can be achieved, 
by F inter alia y the development of a magnetic force bioreactor which enables 
30 magnetic fields to be applied in vitro to 2D monolayer cultures and 3D cell-seeded 
scaffolds. 

3 
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However, neither US c 264 nor Wang solve or even address the problems surrounding 
two fimdamental questions which need to he addressed, and which encompass the 
ultimate goal of engineering cells for clinical use, namely; 



(i) 



how will* cells be targeted to the she of repair and held at that site; and 



10 



15 



(ii) how will cells e-g. stem cells, be conditioned or differentiated in vitro and/or 
in vivo. 

We have now surprisingly found ways by which stem cells tagged with magnetic 
nanoparticles can be delivered to or held at, a particular repair site by external 
magnetic manipulation, ha addition, wb have developed these concepts farther to 
include remote activation of specific cellular membrane receptors, which in essence, 
involves localising cells e,g. stem cells. More simply this involves deposition of 
stem cells at a site e,g. a repair site, retaining the cells at the site and remotely 
activating the cells in situ within the patient. 



In particular, the present invention addresses issues of targeting specific receptors on 
20 cells for remote activation of transmembrane ion channels in stem cells- Importantly, 
magnetic nanoparticle-hased technologies are increasingly used clinically* in many 



facets of healthcare e.g. contrast enhancement for MRI. 



In the present invention ^e have achieved early stages of differentiation of these cell 
25 types. Moreover, the achieved differentiation acts as a model for binding strategies 
which allows both remote targeting within the body and/ot activation at specific sites 
when localised. 

Thus, the present invention enables the targeting of a variety of stem cell receptor 
30 types, such as mechano-activated ion channels e.g. K+ channels (TREK), calcium 
channels, integrins and surface membrane binding sites such as RGD, present in 

4 
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human bone marrow stem colls. Importantly, such receptors have the potential for 
remote activation. The targeting of other known receptors, such as external growth 
fectors (e.g. TGEB and BMP2) whioh have been shown to activate downstream 
transcription factors such as Runx2 and Osterix, critical for stem cell differentiation 
5 can also be achieved. 
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15 



20 



25 



30 



Thus, the present invention provides the opportunity foT true engraftment of, inter 
alia, human mesenchymal stem cells, long-term biological effects on the stem cells al 
the site of injury or repair. Furthermore, the ability to select, expand and differentiate 
these cells and target the cells using magnetic nanopartioles is especially 
advantageous. Furthermore, utilisation of the present invention provides therapeutic 
implications in, inter alia, gene therapy and tissue engineering. 

Biocompatible magnetic nanoparticles, primarily composed of a magnetite (Fc^CU) 
and7or maghenrite (FeaOa) core with either a silica, dextran, or PVA coating may be 
utilised m the present invention. Such particles may be synthesized following 
methods known in toe art However, it will be understood that other magnetic 
nanopartioles may be utilised. Particle sizes can range from -lOnm up to a few 
microns e.g, 1 to lO^m. Commercially available magnetic micro- and nanoparticles 
with varying surface chemistry may also be used. The coatings may be 
ftmcuonalized and crosslinked to membrane attachment motifc such as those 
described above. The magnetic nanopartioles may be modified so as to customise, 
inter alia, particle internalization fiequency and binding efficiency and stability will 
be examined as will the effects of binding on cell viability and function. 

Modification may also include customisation of internal binding sites as well as sites 

on the outer membrane. A variety of coatings may be used in magnetic nanopartfcle 
binding and loading in human osteoblasts 14 ' 15 and these techniques may be further 

optimized for stem cell binding, delivery and activation e.g. using adult primary 

marrow human stem cells and/or human embryonic stem cells. 



5 
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Conventionally known high gradient magnets, e.g. external rare earth (primarily 
NdFeB), high-gradient magnets, may be used to target the stem cells to specific sites 
5 within an in vitro test system and/or tn vivo, dearly, it is a preferred aspect of the 
invention to target the stem cells in vivo. Such magnets produce high field/gradient 
products which exert a translattonal force on the magnetic particles loaded onto the 
cells, holding them at the target site according to the equation: 

Mo 

Activatioq 

Remote mechanical activation may be achieved using e.g. a magnetic conditioning 
15 bioreaotor. Such bioreactors, -which are: known per se, enable forces to be applied to 
magnetic particles attached to cells cultured in vitro within a multi-well 2D system or 
in vfvo a 3D scaffold-based system. Stem cells, e.g. Mesenchymal stem cells and 
populations generated therefrom* such as osteogenic, chondrogenic and adzpogerric 
populations may be Isolated using, for example, magnetic activated cell sorting 
20 (MACS) with a monoclonal antibody e.g. STRCM using standard protocols known 
per re 14 . Such protocols include those known for BMSc culture in monolayer and 
using 3D scaffolds composed of biodegradable polymers such as poly lactic acid 
(HULA) or collagen gels? 1 . 

25 We have now found a method of selectively activating and/or targeting stem cells 
which enables the cells to then be manipulated mechanically in a remote manner. 

By the tenn "in a remote manned it is intended to mean* e.g. a non-contacting 

manner and in the case of in vivo activating/targeting specifically from outeide the 
30 body. 

6 
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Thus according to the invention wo provide a method of magnetically manipulating a 
stem cell in vivo or in vitro which comprises the association of a magnetisable 
particle with a stem cell. 



The method may comprise ex vivo manipulation of an in vivo process. Furthermore, 
it will be understood by the skilled man that a reference to a cell shall be construed to 
include a plurality of cells. 



More particularly, the invention provides a method as hereinbefore described which 
1 0 comprises the activation and/or targeting of a magnetisable particle with a stem cell 
as hereinbefore described. 



15 



According to a further aspect of the invention we provide a method of magnetically 
manipulating a stem cell which comprises the association of a magneti sable particle 
with a cell characterised in that the method comprises agonising or antagonising ion 
channels within a cell by the association of a magnetisable particle with a cellL 



20 



25 



30 



According to a yet fiirther aspect of the 
hereinbefore described which include a differ 



SPSS 






r 



ation step. 



In this aspect of the invention the magnetisable particle may be associated directly 
with the cell. Alternatively, the method may comprise associating the magnetisable 
particle with an antibody, enzyme, etc., which is subsequently associated with the 
cclL 

« 

The association of a magnetisable particle with a cell may comprise the introduction 
of such a particle into a cell, the attachment of such a particle to a cell, eg. externally 
or internally to a cell, or any combination thereof. Thus, the magnetisable particles 
may be associated intracellularly or extracellulariy or a combination of intraoellularly 
and extracellularly. However; in a preferred aspect of the invention the particles are 
associated intracellularly. 



7 
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When the method of the invention comprises intracellular association this win 
comprise association with an internal binding sit©. By way of example only, fer 
TREK-1, Hie paxticle(s) may he associated with the N-tetminus region of the ion 
5 channel. Alternatively, the particle(s) may be associated with the COOH texminus 
region of the ion channel. It will be appreciated by one skilled in the art that 
numerous ion channels and binding sites may be utilised in the method of the 
invention. Thus, internal binding sites which correspond to the N-tecminus region of 
the ion channel, as seen in TRBK-lor which corresponds to the COOH terminus 
10 region of the ion channel as seen in TREK-1 may be utilised as well as other binding 
sites known per se. 

Thus, we also provide a method of manipulating a mechanosensitive ion channel 

4 

characterised in that the method comprises the association of a magnetisable particle 
15 with an ion channel, either directly or indirectly. 

The method of the invention may comprise the manipulation of mammalian cells or 
other cell types, such as bacterial cells, plant cells, etc, However, it will be 
understood by the stalled man that the method of the present invention may be used 
20 to manipulate other cell types not mentioned herein. Furthermore, the method may 
be ante vitro method or an in vtm method, although an in vivo method Is preferred. 

Preferentially, the method of the invention comprises the remote manipulation of 
cells and/or of agonising or antagonising ion chaxmols, e.g. manipulation fiom 
25 outside the body., Le. remote mechanical activation. 

The method of the invention may be utilised in relation to a variety of cells which are 
known per se. However, preferentially, the method is suitable far use with 
mammalian stem cells, 

30 
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The method of the invention may be utilised in connection -with any conventionally 
known ion channels within the cell -which are hereinbefore described. The method is 
especially suited for use in medians sensitive ion channels. Such mechanosensitive 
ion channels have been identified in many cell types and have been predominantly 
5 described as calcium or potassium ion channels, although it should be understood 
that the method of the invention is not United to use in relation to calcium or 
potassium ion channels. By way of example only, one such channel which has been 
well characterised at the molecular level and at the functional Wet in neuronal cells 
is the chromosomal gene TRBK-1, which is part of the 2P K> channel family. 
10 TREK-l channels, hove been identified in bone cells, and are known to respond to 
shear stress, cell swelling and membrane stretch as well as other external agents such 
as fatty acids and general anaesthetics. 

A particular aspect of the present invention is to provide a method of manipulating 
15 mechanosensitive ion channels. 

These "mechanosensitive" ion channels are present in a variety of mammalian, e.g, 
human, and bacterial cells and the present invention enables the cells to be selectively 
activated in the body and/or in cell cultured, see, for example, Sokabe, M, F Sachs, A 

20 Jing (1991) Quantitative video microscopy of patch clamped membranes: Stress, 
strain, capacitance, and stretch channel activation. Biophys J! 59: 722-728; Stewart, 
Z, B Martinac and J Dob son (2000) Evidence for mechanosensitive transmembrane 
ion channels of small conductance in magnetotactic bacteria. Electro- and 
Magnetobtol. 19: 81-89. As these channels are instrumental in normal cellular 

25 function and play a particularly important role in, for example, the production of 
bone and connective tissue or activation of the peripheral nervous systejtr^ the ability 
to manipulate them remotely, e.g. from outside tho body, is especially advantageous 
an provides applications in, inter alia, pain relief, e.g. anaesthetics, therapeutics, 
tissue engineering and repair and cancer therapy. 

30 
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In a Anther aspect of die invention the method may also be suitable for use with 
conventionally non mechanosensitive cells and/or ion channels by Ifae transfer of 
ohannels into cells which may otherwise be ofoerwise non-responsive. 

AH ion channels open and close (Le. change conformational State) in response to 
forces and this is the principle behind ion channel activation. In the case Of 
mechanosensitive ion channels, the force results in membrane defamation, 
triggering the opening of the channel. Voltage-gated and tigand-gated ion channels 
are also "mechanoresponsive" in that Ihey respond to mechanical stresses on the ion 
channel generated by coulomb forces (in the case of voltage-gated channels) and 
binding forces (to the case of ligand-gated channels). As such, all ion channels can be 
activated by foe method described herein provided that foe magnetisable particle is 
coupled, either directly or indirectly, to the mechanomsponsive region of the channel 
protein. 

t 

Thus, in one aspect of the present invention the ion channel is a voltage-gated ion 

A is a ligand-gated ion channel. 



i) = M 



A wide variety of particles may oe uswu a« — 
20 magnetisable particle used in the method of the inventic 

or, alternatively, may be one which reacts in a magnetic field. Generally, any 
magnetic material may be used, however, by the term magnetic we mean, for 
example, a material Which is paramagnetic superparamagnetic, ferromagnetic and/or 
antiferromagnetic, examples of which include elemental iron (Fe), or an compound, 
25 e.g. an iron salt, such as, magnetite (FejO^, maghemite (yFejCb), and greigite 
(Fe3S 4 ), or a chromium compound, e.g. a chromium salt, such as euros 
(CrCW, or any combination thereof Preferably the magnetic material 

tides, which comprises a magnetic com with a biocompatible 
coating. Thus, such preferred particles are nanoparticles and especially nanoparticles 
30 having a core and, e.g. a silica shell enveloping the core. However, also porous 
particles with multiple magnetic centres within foe pores. An example of such 



I isjt 
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particles are those nanoparticles described in US Patent No. 6,548,264 which is 
incorporated herein by reference. Thus, the prior art naaopartioles may have a mean 
size of less than I micron, each of said nanoparticles comprising (a) a core 
comprising a magnetisable particle end <b> a silica shell enveloping the cote, wherein 
5 the magnetisable particle is a magnetic material as hereinbefore described. 

The micro- and nano- particles (intended to be attached to the cells) will generally be 
substantially spherical or elliptical. The size of foe particles may vary according, 
inter alia, to the nature of foe magnetisafcle material, the application, etc. However, 
10 an example of particles may be nanoparticles can having a mean size, e.g. diameter, 
of 5000 nm or less, e.g. fiom 1 mn to 5000 mn, preferably from 1 run to 1000 urn, 
more preferably ftom 1 nm to 300 ran, or from 2 nm to 10 nm). 

The particles for attachment to me cells may be coated or uncoated and single or 
15 multi-domain. Examples of suitable particles include, but are not limited to: 

■ • 

(i) coated magnetic microspheres (d - 4 pm) available fiom Spherotech, Inc. 
THeae microspheres consist of a magnetically blocked core - coated by a 



polymer. 

j-domain, ferrite-doped silica nanoparticles with tunable size (d = 50- 
300 nm) and narrow size distribution. 



la the method of the invention the ion channels may be activated by attaching foe 
magnetisable particles as hereinbefore described to specific regions of the cellular 
membrane and/or to specific "receptors" on the ion channels themselves. Thus, foe 
mechanical forces required to activate the channels can then be applied remotely by a 
magnetic field acting on these magnetic particles. 

m particular foe method of foe invention comprises modifying a magnetisable 
particle as hereinbefore described by tagging foe particle with one or more specific 
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antibodies or protein binding motifs which recognise key cellular elements within a 
cell. These include transmembrane adhesion molecules, such as integrins, cadherins, 
selecting and immunoglobulins or dispersed membrane adhesion proteins such as 
ROOD (argmine- glydLne-aspartate), see, fbr example, . J. Chen, B. Fabry, E. L. 
5 Schiifiin, and N, Wang (2001) TWisting iategriba realtors increases endothelin-l 
gene expression In endothelial ceils Am J Physiol Cell Physiol. 280: 1475-84 ; A. R, 
Bauach, U. Hellerer, M. Essler, M. Aepfelbachcr, and £. Sackmann (2001) Rapid 
stiffening of integrin receptor-actin linkages in endothelial cells stimulated with 
thrombin: a magnetic bead mioroiheology study Biophys J 80: 2649-57 ; CartoqelL 
10 SB, J Dobson, S Verscbueren, A El Haj (2002) Development of magnetics particle 
techniques for long-term culture of bone cells with intermittent mechanical 
activation, IEEE Transactions on Nano&ioscience 1 : 92-97. 

The method of the invention is especially advantageous because it provides a. method 
15 of treatment of a variety of disorders. Indeed the invention provides a method of 
treatment which is applicable to any disorder in which one or more ion channels play 
a role. In addition, the invention provided a method for potential control of ion 
channel activation including pain relief, e.g. an anaesthetic role. 

20 Thus according to the invention we provide a method of treatment of a patient 
suffering from a disorder in which an ion channel plays a role which comprises the 
administration to such a patient of magnetizable nanoparticles as hereinbefore 
described and manipulating those particles using a magnetic field. 

25 Hie method of treatment as hereinbefore described should not be considered to be 
limited, but it is especially advantageous in tissue and/or bone repair. The method of 
treatment can be to facilitate further treatment by providing a method of pain relief; 
e.g. for localised anaesthesia, to targeted regions of the body. 

30 The nature of such cells may vary depending upon the nature of the tissue of interest. 
For example, the cells may be ligamentum cells for growing new ligaments, 

♦ 

■ 
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tenocytes fbr growing new tendon. Alternatively, the cells may bo chondrocytes 
and/or other stromal cells* such as chondrocyte progenitor cells. 

Thus the method of the invention may include the regeneration of tissue or the 
5 generation of Artificial tissue, such as akin, cartilage, ligament, tendon, m«sale or 
bone> 

Alternatively the method may comprise wound healing and/or tissue adhesion. 

10 In a preferred embodiment the method may comprise bone repair and/or bone 
growth- 

•» 

' La a yet farther alternative the method of the invention may include, for example, 
dental applications and/or veterinary applications. 

15 

The method also may be used; as a mechanism for selectively killing cells (such as 
tumour cells) in vivo. In this case, magnetisable particles are attached to the target 
cell membrane or ion channel protein and a magnetic field is applied to the in vtvo 
target region, The rapid, cyclic opening and dosing (via the application of a tfo>e 
20 varying magnetic field), and/or the holding open (via the application of a static 
magnetic field) of ion channels in the cell membrane allows ions (such as Ca**) to 
flood the cell, inducing osmotic shock and, consequently, cell death. 

Thus, according to this aspect of the invention we also provide a method of 
25 destroying cells or inhibiting cell growth which comprises agonising or antagonising 
ion channels within a cell which by the association of a magnetisable particle with a 
cell. 

The method may comprise a method of inducing osmotic shock to a cell, e,g. by 
30 agonising or antagonising ion channels within a cell by the association of a 

13 
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magnetis^le particle wim a cell. The method is especially useful in fixe treatment or 
alleviation of a tumour cell, e.g. a cancer cell. 



method 



targeted static magnetic field. Alternatively, the method may w 
of colls via cyclically opening and closing ion channels wim a targeted, 



15 



20 



ignetic field. 



methods of the invention the magnet 

treated, 



inter ana, iwa 

ftequencyofftom 0,1 to 10 Hz. But, frequencies outside tms range can also he used, 
The magnetic field will typically have a flux density in me order of (but not hmited 
to) 10 mT to 1400 mT. 



generated 



fo r -the case of in vivo applications, ana u^y ■> - * 

an electromagnet The magnetic field may be a constant or a variable field, e.g. a 
permanent magnet may be moved relative to the cells. In me case of an 
electromagnet, a magnetic field may be generated by provision of appropriate electoc 
_t wela to me electromagnetic, optionally, in combination with alternating 



current. 



According to a yet further aspect of the invention we provide a memo* - m * - 

therapeutic effect hi a cell which comprises agonising or antagonising ion channels 
25 within me cell by the association of a magnetisable particle with the cell and 
magnetically manipulating the magnetiBiible particle, 

b addition we provide a method of treatment which conmrises the aonnnistration of 
a therapeuticaUy active agent which may be administered simultaneously, separately 
30 or sequentially with a magnetisable particle whilst agonising or antagonising ion 

* 

channels "within the cell. 



14 
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We also provide a method of targeting a therapeutically active agent to a cell which, 
comprises agonising or atvtagonising ion channels within the cell by the association 

t 

of a xnagaetisable particle with the cell, magnetically manipulating the magnetieablo 
5 particle and simultaneously, separately or sequentially administering the 
therapeutically active agent 

According to a yet farther aspect of the invention we also provide the use of a 
magnetizable particle in a method of magnetically manipulating cells in vivo 

10 

The use may comprise ex vivo manipulation of an in vivo process. More particularly, 
the invention provides the use of a magaetisable particle in the manufacture of a 
system for magnetically manipulating a cell which system comprises the association 
of a magnetisable particle with a cell and agonising Or antagonising ion channels 
IS within the cell. 

In this aspect of tfte invention the magnetisable particle may be associated directly 
with the celL Alternatively, the use may comprise associating the magnetiBable 
particle with an antibody, enzyme, etc., which is subsequently associated with the 
20 cell. 

When the use of the invention comprises intracellular association. By way of 
example only, for TKEK-1, the particles) may be associated with the N-termmus 
region of the ion channel. Alternatively, the particle(s) may be associated with the 
25 COOH tensions region of the ion channel. 

The use of the invention may comprise the manipulation of mammalian cells or other 
cell types, such as bacterial cells, plant cells, etc. The use may be an in vitro use or an 
in vivo use, although an in vivo use is prefezxed. 

30 
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Preferentially,, the use of the invention comprises the remote manipulation of cells 
and/or of agonising or authorising ion channels, e.g. manipulation from outride the 
body, Le. remote mechanical activation. 

The use of the invention may he utilised in relation to a variety of cells, which are 
tewwnper se. However, preferentially, the use is suitable for use with mammalian 
somatic cells, for example, bone, cartilage, muscle (skeletal and cardiac) lymphatic 
cells, endocrine cells, urinary system cells, cells relating to the reproduction system, 
neuronal calls and tumour cells. 

The use of the invention may be utilised in connection with any conventi on ally 
known ion channels within the cell, which is hereinbefore described. The use is 
especially suited for use in mechanosensitive ion channels hereinbefore described. 

15 A particular aspect of the present invention is to provide the use in the manufacture 
of a system for manipulating mechanosensitive ion channels. 



m a further aspect of the invention the use may also be suitable for use with 
conventionally non mechanosensitive cells and/or ion channels by me transfection of 
20 channels into cells which may otherwise be otherwise non-responsive. 

In one aspect of the present invention the ion channel is a voltage-gated ion channel, 
alternatively, the ion channel is a ligand-gated ion channel. 

25 A wide variety of particles may be used in the use of the invention. Generally, any 
magnelisable material may be used, examples of Which include elemental iron (Fe). 
or an iron compound, e.g. an iron salt, such as, magnetite (Fe^), maghemite 
(yPeiOa), and greigite (Fe 3 S 4 ). or a chromium compound, e.g. a chromium salt, such 
as, chromium oxide (CrOa), or any combination thereof! Preferably the magnetic 

30 material comprises particles which comprises a magnetic core with a biocompatible 
coating. Thus, such preferred particles are nanoparticles and especially nanoparticles 
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having a cor© axjd, e.g. a silica shell enveloping the core. However, also porous 
particles with multiple magnetic centres within the pores. An example of such 
particles are tho$e nsnopartktea described in US Patent No. 6,548,264 which is 
incorporated herein by reference. 

5 

In particular the use of the invention comprises modifying a magactfsable particle as 
hereinbefore described by tagging the particle with one or more specific antibodies or 
protein binding motifs which recognise key cellular elements within a cell. These 
include transmembrane adhesion molecules, such as integrins, cadherins, selectins, 
10 and immunoglobulin or dispersed membrane adhesion proteins such as ROD 
(aigiime-^ycine-aspanate). 

The use of the invention is especially advantageous because it provides a system 
suitable for use in the treatment of a variety of disorders Indeed the invention 
IS provides the use in the manufacture of a medicament suitable for a treatment, which 
is applicable to any disorder in which one or more ion channels play a role. In 
addition, the invention provides the use for potential control of ion channel activation 
including pain relief, e.g. an anaesthetic role. 

20 Thus, according to tbue invention we provide the use of a magnetisable particle in the 
manufacture of a medicament suitable for the treatment of a patient suffering from a 
disorder in which an ion channel plays a role which comprises the administration to 
such a patient of cnagnetisaWe particles as hereinbefore described and manipulating 
those particles using a magnetic field. 

25 

The use as hereinbefore described should not be considered to be limited, but it is 
especially advantageous in tissue and/or bone repair. Hie use can be to facilitate 
further treatment by providing a method of pain relief, e.g. for localised anaesthesia, 
to targeted regions of the body. 

30 
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IS 



The nature of such cells may vary depending upon the nature of the tissue of interest 
For example, the cells may be figamanlum cells for growing new ligaments, 
tenocytes for growing new tendon. Alternatively, the cells may be chondrocytes 
and/or other stromal cells, such as chondrocyte progenitor cells. 

Tbas, the use may include me regeneration of tissue or the generation of artificial 
tissue, such as skin, cartilage, ligament, tendon, muscle or bone. 

Alternatively the use may comprise wound healing and/or tissue adhesion. 

In a preferred embodiment the use may comprise bone repair and/or bone growth. 

hx a yet further alternative the use of the invention may include, for example, dental 
applications and/or veterinary applications. 

The use also maybe used as a mechanism for selectively lolling cells (such as tumour 
cells) In vivo as hereinbefore described. 



20 



25 



Thus, according to this aspect of the invention we also provide me use p* * 
magnetifiable particle in the manufacture of a system for destroying cells or inhibiting 
cell growth which comprises agonising or antagonising ion channels wimin a cell 
which by the association of a raagnetisable particle -with a cell. 
The use may comprise use in a method of inducing osmotic shock to a cell, ag. by 
agonising or antagonising ion channels within a cell by the association of a 
magoeusable particle with a cell- The use in this aspect of the invention is especially 
useful in the treatment or aUeviation of a tumour cell e.g. a cancer cell. 



Thus, the use may comprise the Wiling of cells by holding ion channels open with a 
targeted static magnetic field, Ahemati vely, the use may comprise the killing of cells 
30 via cyclically opening and closing ion channels with a targeted, time-varying 
magnetic field. 
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According to a yet further aspect of the invention wo provide the use of a 
magnetisable particle in the manufacture of a system for inducing a therapeutic effect 
in a coll which comprises agonising or antagonising ion channels within tfce cell by 
the association of a magnetizable particle with the cell and magnetically 
the magnetisable particle. 



m 













10 



In addition we provide the use of a magnetisable particle in the manufacture of a 
system comprising a therapeutically active agent which may be administered 
simultaneously* separately or sequentially with the magnetisable particle whilst 
agonising or antagonising ion channels within the cell. 



We also provide the use of a magnetisable particle in the manufacture of a system for 
targeting a therapeutically active agent to a cell Which comprises agonising or 
1 S antagonising ion channels within the cell by the association of a magnetisable particle 
with ttae cell, magnetically manipulating the magnetisable particle and 
simultaneously, separately or sequentially administering the therapeutically active 



20 According to a yet further aspect of the invention we provide a kit comprising a 
therapeutically active agent and means for associating a magnetisable particle with a 
cell. 



25 



30 



It will be understood by the skilled that any conventionally known "therapeutically 
active agent or a combination of therapeutically active agents may be utilised in the 
kit of the invention. 

Thus, the kit may comprise a vessel containing a therapeutically active agent, a 
source of magnetisable particles and instructions for the simultaneous, sequential or 

separate administration thereof. The kit of the invention may also include other 
agents known per se. The invention may also include the use of a kit as hereinbefore 
described in the manufacture of a medicament 
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The invention will now be described by way of example only and with reference to 
the accompanying drawings in which Figure la) is a schematic representation of the 
structure of TREK-l showing the ftree sites of 12* Instidine insertions for tagging 

5 magnetic beads for mechanical mainpulation-, 

Figure lb) illustrates primary human astrocytes with membrane bound RGD coated 
earboxyl ferromagnetic particles (4pm) (magnification x 1000); 
Figure 2 is a schematic of me TREK ion channel showing structure and location of 
the His. tags present in the protein. Red circles indicate the sites of the His tags at the 

10 three sites, the primary loop, the COOH terminus and the NH terminus; 

Figure 3 is ft representation of the magnetic activation of Trek-1 monitored via 
downstream changes in intracellular calcium; and 

Figure 4 is a representation of the magnetic activation of TREK-1 induces transient 
rise in intracellular calcium iuHEK293 T cells co-transfected with and Hashpericam. 

15 

Example 1 

Targeting model system 

The model system consists of a peristaltic pump connected to tubing which feeds into 
channels within agar gel blocks. The magnets can be placed at various positions in 
20 relation to the channels and the magnetic field and gradient at the target site is 
™™^d usinz an axial Hall probe interfaced to a gaussmcter. The magnetic fields 



generated by me rare earth magnets will be characterised using a Redcliffe 
Diagnostics MagScan field trapping system requested for this project. After each 
experimental run, the gel channel will be excised and assayed for cell capture usmg 
25 staining techniques. Magnetic particle capture will be quantified by performing 
Superconducting Quantum Interference Device (SQUID) magnetometry 
measurements on the fieeze dried gel blocks. Models may be used to optimise the 
delivery and targeting parameters, such as magnetic field strength and geometry, 
magnetic particle characteristics, number of parades per cell. etc. 

30 
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Example 2 



10 



Now-specific membrane deformation using magnetic cytometry 
Specifically, scaffolds are seeded with 10 0 -10 9 BMBo dependant on scaffold size and 
cultured for 24 hours prior to placing within the bioreactar. Constructs are then 
subjected to varying magnetic loading regimes, e.g. 1 hour at 1 Hz frequency -with 
forces tanging from 1 -1 OOpN per particle. These parameters are controllable and win 

f 

allow optimisation of the system for varying cell types a»d scaffold materials. 

* 

Following treatment, cells may be removed and subjected to RNA and protein 
analysis at varying points after activation. Using Western blotting, FACs analyst 
and quantitative PCR techniques assays may bo conducted for osteoblastic 
transcription factors, such as nut* 2 and osterix, alongside matrix proteins, suck as 
osl 












15 Example 3 



Demonstration of new bone formation in animal models to validate the 
applicability of these magnetic micro and Nanopartitele* 

Animal trials of this technology support the ability to remotely activate stem cells to 
20 promote bone call differentiation and new bone formation by cells held in vivo within 
subcutaneous diffusion chambers using a mouse SCID model. In this way, 
comparisons can bo made with in vitto experiments. Targeting of cells to specific 
tissues in vivo may also be advised. 



25 Example 4 



30 



Demonstration of in vivo bone formation 

Human-derived osteopxogenitots from mesenchymal stem cells may be used. In vivo 
bone formation, may be assessed using the subcutaneous implant model in severely 
compromised immunodeficient (SCID) mice and the diffusion chamber model. This 
provides a rapid and robust model to validate, in vivo, the efficacy fbr targeting of 
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10 



15 



magnetic micro- and nanoparticles and provides a clear demonstration of bone 
formation. The diffusion chamber assay provides unequivocal demonstration of bone 
formation by implanted cells as opposed to host cells. The subcutaneous implant 
model remains the industry standard for the assessment of skeletal tissue formation 
and one of us (RO) has published on the use of both the so and DC models under a 
project license to RO (30/1759) for assessment of skeletal tissue engineering* 2 . &i 
brief, selected human osteoprogenitor cells will be implanted subcutaneously in 
SCID mice fox four weeks while fbr diffusion chamber studies, cells and magnetic 
particle composites will be placed into each diffusion chamber and the chambers 
implanted intraperitoneally into athymic nude mice (MFI-nu-nu; 4-6 weeks old; 
Harlan UK Ltd) for 10 weeks. Thereafter, diffusion chambers will be removed, fixed 
overnight (95% ethanol, 4-C) and embedded undeoalcified in 
poly(hydioxymethylmethacrylate) resin at 4°C. New bone formation will be assessed 
by histological techniques including frozen, paraffin and methylmetiiacryiate plastic 
sections. Assessment of cartilage and bone formed will be by histological 
examination using totuidinC blue Giemsa, alcian blue/sirms ted and Safranin-O 
staining The model is currently run in Southampton under a project licence to RO 
(30/1759). 



20 Example 5 

* 

Targeting of cells to specific sites in vivo 

This work will focus on delivery of magnetic particle-loaded cells to specific tissue 
sites via intra-arterial and intravenous injection, M brief, selected and expanded 

25 mesenchymal stem cells will be loaded with magnetic particles and injected by tail 
vein into anesthesized MFlnu/nu mice. The cells will be localised to a specific target 
site using external high- gradient NdFeB magnets. Control mice also will be injected, 
however, no magnet will be used for targeting. Targeting efficiency will be assayed 
using MRI (magnetic nanoparticles are used as contrast enhancement agents in 

30 clinical MR imaging) and SQUID magnetometry analysis of dissected, fteeze-dried 

* * 

taxget tissue after 4, 7 and 14 days. 

22 
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Claims 



1. A method of selectively activating md/or targeting stem cells which enables 
the cells to then be manipulated mechanically in. a remote manner, 

5 

2. A method according to claim 1 characterised in that the remote manner is a 
non-contacting manner and in the case of in vivo activating/targeting specifically 
from outside the body. 



10 3. A method according to claim 1 characterised in that the method comprises 
magnetically manipulating a stem cell in vivo or in vitro by the association of a 
raagnetissble particle with a stem cell. 



4. A method according to claim 1 characterised m that the method comprises 



15 



20 



(j) targeting stem cells, to the site of repair and/or holding the cells at that site; , 
and 

(ii) conditioning and/or differentiating in vitro and/or in vivo. 

5, A method according to claim I characterised in that the method comprises the 
targeting of stem cells in vivo. 

6, A method according to claim 1 characterised in that tfce method comprises the 
25 manipulation of human stem cells , 

* 

7, A method according to claim 1 characterised in that the method comprises 
tagging the stem cells with magnetisable nanop articles which can be delivered to or 
held at, a particular repair site by external magnetic manipulation, 

30 
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8. A method according to claim 1 characterised in that the method comprises 
remote activation of specific stem cell membrane receptors. 

9. A method according to claim 1 characterised in lhat the method comprises 
S deposition of stem cells at a site, retaining the cells at the site and remotely activating 

the cells in situ within a p: 



10. A method according to claim 1 characterised in that the method comprises 
targeting specific receptors on stem cells for remote activation of transmembrane ion 

10 channels in stem cells. 

11. A method according to claim 1 characterised in that the method comprises 
early stage differentiation of cell types. 

15 12. A method according to cMm 1 characterised in that the method comprises 
targeting a variety of stem cell receptor types present in human bone marrow stem 
cells. 

13. A method according to claim 12 characterised in that the stem cell receptor 



20 types are selected from mcchano-activatea ion channels e.g. K+ channels (TREK), 



surface membrane binding 



14. 



comprises 



targeting receptors fox external growth actors (e.g. TGFB and BMP2) which have 
25 been shown to activate downstream transcription factors such as Runx2 and Oeterix, 
(critical for stem cell differentiation). 

15. A method according to claim 1 characterised in that the stem cells are 
mesenchymal stem cells. 

30 
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16. • A method according to claim 15 characterised in that the method comprises 
engraftment of human mesenchymal stem cells at the site of injury or repair. 



17. A method according to claim 1 characterised in that the method provides 
S therapeutic treatment. 



18. A method according to claim 17 characterised in that the tfterapeuuc 
treatment is selected ftom gene therapy and tissue engineering. 

* 

i 

10 19. A method according to claim 18 characterised in that the site is a tissue repair 



IS 



site. 



20. A method according to claim 1 characterised in that the at the 
the Stem cell differentiated as a neuronal cell. 



itLonai level 



21. 'A method according to claim 1 characterised in that the method comprises 
stem cell binding, delivery and activation. 

22. A method according to claim 1 characterised in that the method comprises 

stem cells and/or human embryonic stem cells. 



20 using adult primary marrow 



iiiiur.it 



25 



23. A method according to claim 1 characterised in mat the biomactnr enables 
forces to be applied to magnetic particles attached to stem ceUs cultured in vitro 
within a multi-well 2D system or in vivo a 3D scaffold-based system. 

24. A method according to claim 23 characterised in that the mesenchymal stem 
cells comprise populations selected from osteogenic. Androgenic and adipogenic 
populations. 

30 25. A method according to claim 1 characterised in that the method comprises 
magnetic activated cell sorting (MACS) with a monoclonal antibody. 
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26. A method according to claim 25 characterised in that the monoclonal 
antibody is STRO-1. 



5 27, A method according to claim 23 characterised in that the method includes 
BMSc culture in monolayer, using 3D scaffolds composed of biodegradable 
polymers. 

28. A method according to claim 27 characterised in that tibe biodegradable 
10 polymer is selected from polylaetio add (PLLA) and a collagen gel. 



29. A method according to claim I characterised in that the method comprises ex 
vivo manipulation of an in vtw process. 



15 30. A method according to claim 1 characterised in that the method comprises the 
y < activation and/or targeting of a magnetisable particle with a stem cell. 



31. A method of magnetically manipulating a stem cell which comprises the 
association of a magnetizable particle with a cell characterised in that the method 

20 comprises agonising or antagonising ion channels within a cell by the association of a 
magnetizable particle with a cell. 

32. A method according to claims 1 or 31 characterised in that the method 
includes a differentiation step. 



25 

33. A method according to claims 1 or 31 characterised in tfxat the magnetisable 
particle is associated directly with the stem cell. 

34. A method according to claims 1 or 31 characterised in that the method 
30 comprises associating the magnetisable particle with an antibody or an enzyme 

which antibody or enzyme is subsequently associated with the stem ceU. 
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35. A method according to claims 1 or 31 characterised in that the method 
comprises the introduction of a particle into a stem cell or the attachment of a particle 
to a stem cell. 

5 

36. A method according to claim 35 characterised in that partioles are associated 
intracellularly ox extracellular ly. 

37. A method according to claim 36 characterised in that partioles are associated 
10 intracellalarly. 

38. A method according to claim 37 characterised in that the intracellular 
association comprises association with an internal binding site. 

15 39. A method according to claims I or 31 characterised in that the method 
comprises manipulating a meehanosensitive ion channel in a stem cell characterised 
in that the memod comprises the association of a magnetisable particle with an ion 
channel, either directly or indirectly. 

20 40. A method according to claim 39 characterised in that particles are associated 
with the N-terminal region of the ion channel. 

41. A method according to claim 39 characterised in that particles are associated 
with the COOH terminal region of the ion c hannel . 



42. A method according to claim 39 characterised in that the memod comprises 
the remote manipulation of stem cells and/or of agonising or antagonising an ion 
channel remotely. 
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43. A method according to claims 1 car 31 characterised in that the method 
comprises the utilisation of stem cells known to respond to shear stress, cell swelling 
and membrane stretch and/or external agents. 

5 44. A method according to claim 43 characterised in that the external agent is a 
fetty acid or a general anaesthetic. 

* 

45. A method according to claims 1 or 31 characterised in that the method is 
incorporated in an application of pain relief anaesthesia, therapeutics, tissue 

1 0 engineering and repair and/or cancer therapy. 

46. A method according to claim 45 characterised in that the stem cell is 
differentiated to connective or neuronal tissue. 

15 47. A method according to claim 45 characterised in that the stem cell is 
differentiated to bone, neurons, cardiac cells or any combination thereof 



20 



48. A method according to claim 39 characterised hi that the ion channel is a 
mecb an q sensitive ion channel. 



49. A method according to claim 39 characterised in that the mechanosensittve 
ion channel has been transacted into a cell. 



50. A method according to claim 39 characterised in that the method comprises 
25 the use of force resulting in membrane deformation, triggering the opening of the 

channel or Voltage-gated and ligandrgated ion channels. 

51. A method according to claim 50 characterised in that the ion channel is a 
voltage-gated ion channel. 

30 



28 



18. DEC. 2003 16:05 HARRISON GODDARD NO. 837 P. 34 




52. A method according to olaim 50 characterised in that the ion channel is a 
ugand-gated ion channel. 

53. A method according to claim 39 characterised in that the ion channel is 
5 selected from the group a inelnding sodium channel, potassium channel, calcium 

channel, chloride channel and a non-selective cation channel or any combination 
thereof. 

» 

54. A method according to olaim 53 characterised in that Ihe ion channel is 
10 selected from a oaloium or a potassium ion channel. 

55. A method according to claim 54 characterised in that the ion channel is a 
potassium ion channel. 

15 56. A method according to claim 55 characterised in that the potassium channel is 
a TREK- 1 channel. • 

57. A method according to claim 56 characterised in that the method comprises 
the utilisation of TREK.- 1 chamois in bone cells. 

20 

58. A method according to claims 1 or 31 characterisad in that the method 
comprises targeting using an external high gradient rare earth magnet. 

59. A method according to olaim 58 characterised in that the rare earth magnet is 
25 a NdFeB magnet 

60. A method according to claims I or 31 characterised in that the magnets 
produce high field/gradient products which exert a translational feme on the 
magnetic particles loaded onto the cells, holding them at the target site according to 

30 the equation: 
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F mag = (X 2 -X 1 )V- B(VB) 

Mo 

61. A method according to claims 1 or 31 characterised in that the activation 
. comprises remote mechanical activation achieved using a magnetic conditioning 

5. bioreactor. 

62. A method according to claims 1 or 31 characterised in that the magnetizable 
particle used in the method of the invention may be inherently magnetic or, 
alternatively, may be one which reacts in a magnetic field. 

10 

63. A method according to claims 1 or 31 characterised in that the magnetizable 
particle is magnetic. 

64. A method according to claim 63 characterised in that the magnetic material is 
15 paramagnetic supeiparamagaelic, ferromagnetic and/or antifeiroinagaetic, 

65. A method according to claim 62 characterised in that the magnetisable 
material is selected from the group which includes elemental iron (Fe), or a 
compound thereof! and a chromium compound, or a combination thereof 

20 

66. A method according to claim 65 characterised in that the iron compound is an 
iron salt. 

67. A method according to claim 66 characterised in that the iron salt is selected 
25 from the group which includes magnetite (Fe 3 0 4 % maghemite (y?ezO$) and greigite 

(FeiSt), or any combination thereof 

6S. A method according to claim 65 characterised in that the chromium 
compound is a chromium salt. 

30 

30 
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69. A method according to claim 68 characterised in that the chromium salt is 
chromium oxide (CrOj). 

70. A method according to claim 63 characterised m that the magnetic material 
5 comprises particle* which comprises a magnetic core with a biocompatible coating. 

71. A method according to claim 70 characterised in that the biocompatible 
• magnetic nanoparticles comprise a magnetite OfeOd and/ox maghemite ff*0>) core 

with either a silica, dextran, or PVA coating. 

10 . , . 

72. A method according to claims 1 or 31 characterised in mat the particle is a 

* * 

nanoparlicle, 

73. A method according to claim 72 characterised in that the nanoparticles have a 

■ 

15 particle size of from lnm to lOiun. 



74. A method according to claim 73 characterised in that the particles have a 
mean size of 5000 nm or less. 

20 75. A method according to claim 74 characterised in that the particles have a 
mean size of from 1 nm to 5000 nm. 

76. A method accoiding to claim 72 characterised in that the magnetic 
nanoparticles have a particle size of limn lOnm up to a few microns. 

25 

77. A method according to claims 1 or 31 characterised in that the coating is 
functionalized and crosslinked to membrane attachment motifs. 

78 . A method according to claims I or 31 characterised in that the magnetic 
30 nanoparticles are modified so as to customise particle internalization frequency, 

binding efficiency, stability and binding on cell viability and function. 
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79, A method according to claim 78 characterised in that the modification 
includes customisation of internal binding sites as well as sites on the out ay 
membrane. 

5 80/ A method according to claim 71 characterised m that the particle has a core 
and a silica shell enveloping the core, 

81. A method according to claim 80 characterised in that the particle is selected 
from those comprising (a) a core comprising a magaetiaable particle and (b) a silica 
10 shell enveloping the core. 

82- A method according to claim 70 characterised in that the particle is a porous 
particle with multiple magnetic centre within the pores. 

15 83. A method according to claims 1 or 31 characterised in that the method 
comprises the application of a remote magnetic field on the magnetizable particles. 

i 

84. A method according to claim 34 characterised in that the particle is tagged 
with one or more specific antibodies or protein binding motifs which recognise key 

20 cellular elements within a cell, 

85. A method according to claim 84 characterised in that the specific antibodies 
or protein binding motife are selected from transmembrane extracellular matrix 
molecules, adhesion molecules or dispersed membrane adhesion proteins or 

25 extracellular matrix proteins. 

86. A method according to claim 85 characterised in that the transmembrane 
adhesion molecules are selected from integrins, cadhorins, selections, and 
immunoglobulins. 

30 
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87. A method according to claim 86 characterised in that the specific antibodies 
or protein binding motifs are selected from dispersed membrane adhesion proteins. 

88. A method according to claim 87 characterised in that the dispersed membrane 
5 adhesion protein is (^gitidfteHglyoino-aspartate). 

89. A method of treatment of a patient Buffering fiom a disorder to which an ion 
channel plays a role which comprises the adroutnstralion to such a patient of 
magnetisable particles and manipulating stem cell ion channels or the stem cells 

1 0 using a magnetic field external to the body. 

90. A method of treatment or alleviation of a tumour cell which comprises a 
method according to claim S9. 

15 91 , A method according to claim 90 characterised ha that the tumour cell is a 
cancer celL *' 

92. A method of treatment of a patient according to claim 9 1 characterised in that 
the method comprises the killing of cells via holding ion channels open with a 
20 targeted static magnetic field. 



25 



93 . A method of treatment of a patient according to claim 91 characterised in that 
the method comprises the killing of cells via cyclically opening and closing ion 
channels with a targeted, time-varying magnetic field. 

94. A method of treatment according to claim 91 in which a disorder may involve 
a number of tissues in the body where ion channels play a key role in normal cellular 
homeostasis. 



30 95. 
cells. 



■ 




1 


III 
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96. A method according to claim 94 characterised in that the method comprises 
the treatment of hypertension. 

5 97. A method according to claim 94 characterised in that the method comprises 
pain relief, 

» 

* 

98. A method according to claim 97 characterised in that the method comprises 
anaesthesia* 



10 

99. A method according to claim 98 characterised i0 that the anaesthesia is 
localised* 

■ 

100. A method of treatment of a patient according to claim 89 characterised in that 

15 the method comprises tissue sad/or bona repair. 

%- 

101. A method of treatment according to claim 100 characterised in that the cells 
are selected ftom Ugamentum ceUs, tenocytes, chondrocytes and other stromal cells 
(such as chondrocyte progenitor cells). 



20 



102. A method of treatment according to claim 100 characterised in that the 
method comprises the regeneration oft^sue or the generation of artificial tissue, such 
as skin, cartilage, ligament, tendons muscle or tone. 



25 103. A method of treatment according to claim 100 characterised in that the 
method comprises the remote activation of ion channels. 

104. A method of treatment according to claim 100 characterised in that the 
method comprises wound healiQg and/or tissue adhesion. 

30 
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105. A method of treatment according to claim 100 characterised in that the 
method comprises bone repair and/or bone growth. 

106. A method of treatment according to claim 89 characterised in that the method 
5 comprises a dental or veterinary application. 

107. A method of treatment according to claim 98 characterised in that the method 
sBtablisbes localised anaesthesia through the action of ion channel modulation by a 
magnetic field external to the body. 

10 

108. A method of treatment according to claim 89 characterised in that the melfcod 
comprises the use of a magnetic field at a frequency of from 0.1 to 10Hz. 

109 A method of treatment according to claim 89 characterised in that the method 
IS comprises the use of a magnetic field will typically have a flux density of from 10 
mT to 1400 mT. 



leutic effect in a stem cell which comprises 
tell* within the cell by the association of a 
mamoticaUy manipulating the magnetizable 



fa ■ 

particle. 



0 








11 


Mf 


1 



therapeutically active agent which may oe i 
25 sequentially with a magnetisable particle whilst agonising or antagonising ion 

channels within a stem celL 

112. A method of targeting a therapeutically active agent to a stem oell which 
comprises agonising or antagonising ion channels within the cell by the association 



ignetisabte particle 



dpulating the magaetisable 
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particle and simultaneously, separately or sequentially administering the 
therapeutically active agent 

113. The use of a niagnetisable particle in a method of magnetically manipulating. 
5 a stem cell wherein the method comprises the association of a magnetisable particle 
with a cell. 



114. The use according to claim 113 characterised in that the we comprises 
selectively activating and/or targeting stem cells which enables the cells to then be 
1 0 manipulated mechanically in a remote manner. 



15 



1 15. The use according to claim 1 13 characterised in that the remote manner is a 
non-contacting manner and in the case of in vivo activating/targeting specifically 
fiom outside the body, 

116. The use according to claim 113 characterised in that the use comprises 
magnetically manipulating a stem cell in vivo or in vitro by the association of a 
magng tisabte particle with a stem cell. 



20 117. The use according to claim 1 13 characterised in that the use comprises 



(i) targeting si 
and 



cells to the site of repair and/or holding the cells at that site; 



25 Oi) conditioning and/or difEsrentiatuig in vitro and/or in vtvo- 

118. The use according to claim 1 13 characterised in that the use comprises the 
targeting of stem cells in vivo. 

30 119. The use according to claim 113 characterised in that the use comprises the 
manipulation of human stem cells. 
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120. The use according to claim 113 
tagging the stem cells with magnetisable Jnoparticles which can be delivered to or 
held at, a particular repair site by external m iguetic manipulation. 



121 . The use according to claim 113 cj 
activation of specific stem cell membrane 



harLterised in that the use comprises remote 



re ;eptors. 



haracterised in that the use comprises 



122. The use according to claim 113 
1 0 deposition of stem cells at a site, retaining fi|e cells at the site and remotely activating 

the cell* in situ within a patient 

123. The use according to claim 113 Lracterised in that the use comprises 



IS 



targeting specific recej 
channels in stem cells. 



20 



124. The use according to claim 1 13 cl 
stage differentiation of cell types. 

125. Thfi use according to claim 113 - fraracterised in that the use comprises 
targeting a variety of stem cell receptor tyj>es present in human bone marrow stem 

cells. 



remote activation of transmembrane ion 



•2 



ha racterised in that the use comprises early 



25 



types are selected from mechano-activated 
calcium channels, integrins and surface m 



iraefmsed in that the stem cell receptor 
ion channels e.g. K+ channels (TREK), 
ibrane binding sites, such as RGD. 




30 



127. The use according to claim 126 
targeting receptors for external growth fac 
been shown to activate downstream transcription 
(critical for stem cell differentiation). 



tensed in that the use comprises 
ore (e,g. TGFB and BMP2) which have 
factors such as Runx2 and Osterix, 



37 
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128. The use according to claim 1 
mesenchymal sterna cells. 
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characterised in that the stem cells are 



5 129. The use according to claim 128 < ;haiacterised in that the use comprises 
engraffcment of human mesenchymal stem cc lis at the site of injury or repair. 



130. The use according to claim 113 
therapeutic treatment 



131. The use according to claim 130 char acterised in that the therapeutic treatment 
is selected from gene therapy and tissue engineering. 

132. The use according to claim 131 chakcterised in that the site is a tissue repair 



15 site. 



133. The use according to claim 113 
the stem cell differentiated as a neuronal cell 



characterised jsx that the use provides 



char acterised in that the at the junctional level 



20 134. The use according to clato* 113 characterised in that the use comprises stem 
cell binding, delivery and activation. 

135. The use according to claim 113 cha racterised in that the use comprises tt$iag 
adult primary jQoarrow human stem cells am /or human embryonic $texn cells. 



136. The use according to claim 113 
forces to be applied to magnetic particles 

within a multi-well 2D system or in vivo a }D scaffold-based system. 



characterised in that the bioreactor enables 
attached to stem cells cultured in vitro 
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137, The use according to claim 136 

cell* comprise populations selected from 

< 

populations. 
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characterised in that the mesenchymal stem 
t steogenic, chondrogenic and adipog 6 ™ 0 



5 138. The use according to claim 1 charac 

activated cell sorting (MACS) with a monoclonal antibody. 



erised in that the use comprises magnetic 



10 



139. The use accoxdtag to claim 138 d 
is STRO-1. 



140. The use according to claim 136 characterised in that the nse includes BMSc 
culture in monolayer, using 3D scaffolds co: nposed of biodegradable polymers. 



hai acterised in that the monoelonal antibody 



according 



biodegradable 



15 polymer is selected from polylactic acid (K XA) and a collagen gel. 



20 



142. The use according to claim 1 13 chai^terised in mat the use comprises ex vivo 
manipulation of an in vivo process. 

143. The use according to claim 113 cb aracterised 

and/or targeting of a aiagnetisabl 



144. The use of a maguetisable particle in the manufacture of a therapy 



25 



Lg or antagonising 
lagnetisable particle 



channels within a stem cell by the 



145, The nse 
a differentiation step 



to claims 113 or 144 characterised in that the use includes 



30 146. The use according to claims 113 0A44 characterised in that the magnetisable 
particle la associated directly with the stem pell. 
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147. The use according to claims 113 
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or 144 characterised in that the use 



comprises associating the magnetisable p article "with an antibody or an enzyme 
which antibody or enzyme is subsequently a ssociated with the stem cell. 



148. The use according to claims 113 
comprises the introduction of a particle feto 
to a stem cell. 



or 144 characterised in that the use 
a stem cell or the attachment of a particle 



10 149. The use according to claim 148 characterised in that particles are associated 
intracellular^ or eatoacellularly. 

* 

150. The use according to claim 149 characterised in that particles arc associated 
intracettutariy. 



according 



characterised in that Ate intracellular 



association comprises association with an i» fcernal binding site. 



114 



152. The use according to claim 1 13 or 
manipulating a mecbanosensitive ion chain j 
use comprises the association of a 



magneti sable 



directly or i 



characterised in that the use comprises 
el in a stem cell characterised in that the 
particle with an ion channel, either 



153. The use according to claim 152 chi raoterised in that particles are associated 
25 with the N-terminal region of the ion channel. 



in that particles are associated 



154. The use according to claim 152 
with the COOH tenntaal region of the ion channel. 



4( 
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155, The use according to claim 152 c] 
remote manipulation of stem cells and/or of 
remotely. 



NO. 837 P, 46 



iraoterised in that the use comprises the 
agonising or autagonising an ion channel 



5 156. The use according to claim 1 13 or 1{W characterised in that the use comprises 
the utilisation of stem cells known to respond to shear stress, cell swelling and 
membrane stretch and/or external agents. 

157. The use according to claim 156 characterised in (hat the external agent is a 
10 fatty acid or a general anaesthetic. 



158. The use according to claim 113 
incorporated in an application of pain 
engineering and repair and/or cancer therapy > 



15$. The use according to claim 158 
differentiated to connective or neuronal tissjue 

160. The use according to claim 15 
20 differentiated to bone, neurons, cardiac cellp or any combination thereof. 



144 characterised in that the use is 
relief, anaesthesia, therapeutics, tissue 



characterised in that the 



cell is 



161. The use according to claim 152 characterised in that the ion channel is a 
mechanosensitive ion channel* 

25 1 62. The use according to claim 1 52 chfijracterised in that tfce mechanoseoQusitive ion 
channel has been transfected into a cell. 

163, The use according to claim 152 cha racterised in that the use comprises the use 
of force resulting in membrane defoxraatic n, triggering the opening of the channel or 
30 Voltage-gated and ligand-gated ion channe Is. 
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164. The use according to claims 163 6 
voltage-gated ion channel. 



165. The use according to claims 163 characterised in that the ion channel is a 
5 Iigand-gated ion chaxc&el. 



166. The use according to claim 152 rharacrterised in that the ion channel is 



selected from the group a including sodii 



in that the ion channel is a 



channel, chloride channel and a non-selec tive cation channel or any co mb ina t ion 
thereof. 

167. The use according to claim 166 Qharacterissd in that the ion channel is 
selected from a calcium or a potassium ion dhanael 



channel, potassium channel, calcium 



10 



15 168, The use according to claim 167 djaxacterised in that the ion chaimel is a 
gsium ion channel. 



169- The use according to claim 1 68 characterised in that the potassium channel is 
a TREK-1 channel. 



20 



170. The use according to claim 169 ch aacterised in that the use comprises the 
utilisation of TREK-1 channels in bone ceui 



171. The use according to claims 113 



or 144 characterised in that the use 



25 comprises targeting using an external high g radient rare earth magnet 

172. The use according to claim 171 characterised in that the rare earth magnet is a 
NdFeB magnet. 



30 173. The use according to claims 113 
produce high field/gradient products 



42 



dr 144 characterised in that the magnets 
which exert a translations! force on the 
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magnetic particle? loaded onto the cells, holding them at the target site according to 
the equation: 



rag 



(X 2 -Xi)V- B(VB) 



10 



144 characterised 

comprises remote mechanical activation Achieved using a magnetic conditioning 
bioreactor. 

175. The use according to claims 1 13 or ^44 characterised in that the magnetisable 
particle used in the use of the invention mal be inherently magnetic or, alternatively, 
maybe one which reacts in a magnetio fields 



176. The use according to olaims 1 13 or j44 characterised in that the ma; 
15 particle is magnetic. 



20 



'V* 



30 



177. The use aooording to claim 176 characterised in that the magnetic material is 
paramagnetic superparamagnetic, ferromagnetic and/or antifenomagnetic, 



according 



selected 



characterised in mat (he magnetisable 

I iron (Pet), or a 



compound thereof, and a chromium compoi nd, or a combination thereof. 

179. The use according to claim 178 char actorised in that the iron compound is an 



25 iron salt. 



180. The use according to olaim 179 characterised in that the iron salt is selected 
from the group which includes magnetite <f e 3 0 A ), maghemite (yFejOa) and greigite 
(FeaS^, or any combination thereof. 
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181, The use according to claim 178 char 
is a chromium salt. 



icterised in that the chromium compound 



182. The use according to claim 181 characterised in that the chromium salt is 

■ 

5 chromium oxide (Cr02>. 

183. The use according to claim 176 ch aracterised ia thai the magnetic material 
comprises particles which comprises a mag etic core with a biocompatible coating. 



WO. 837 P. 49 




10 184. The use according to cledta 183 
magnetic nanopartioles comprise a magneti 
with either a silica, dexttan, or PVA coating . 



characterised in that the biocompatible 
e (FegQ*) and/or maghemite (Fe 2 Os) core 



15 



185. The use according to claims 1 13 or 
nanoparticle. 



144 



in that the particle is a 



186, The use according to claim 185 characterised in that the nanoparticle3 have a 
particle size of from Iran to lOjuutn. 

20 1 87. The use according to claim 1 87 characterised in that the particles have a mean 
size of 5000 nm or less. 



25 



188. The use according to claim 1 87 characterised in that the particles have a mean 
size of from 1 nm to 5000 nm. 

189. The use according to claim l&S characterised in that the magnetic 
nanoparticles have a particle stee of from Ktam up to a few microns. 



cr 



190. The use according to claims 113 
30 fujictionalized and crosslinked to membianfc 



144 characterised in that the coating is 
attachment motifs. 
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191, The use according to claims 115 oc 144 characterised in that the magnetic 
nanop articles are modified so as to customise particle internalization frequency, 
binding efficiency, stability and binding on ^ell viability and function, 

5 1 92. The use according to claim 191 char icterised in -that the modification includes 
customisation of internal binding sites as wc 11 as sites on the outer membrane. 

* 

» - 

193, The use according to clatax 184 cfo^terised in that the particle has a cote 
and a silica shell enveloping the cor©. 



194. The use according to claim 193 c 
from those comprising (a) a core comprisi: 
shell enveloping the core. 




15 195. The use according to claim 183 cha racterised in that the particle is a porous 
particle with multiple magnetic centre wfthi i the pores. 



in that the particle is selected 
a magnetizable particle and (b) a silica 



196* The use according to claims 113 



or 144 characterised in that the use 



comprises the application of a remote magnetic field oa the magnetizable particles. 



197. The use according to claim 147 ct aracterised in that the particle is tagged 
with one or more specific antibodies or pnjtein binding motifs which recognise key 
cellular elements within a cell. 

* 

1 98. The use according to claim 1 97 cha 

protein binding motife axe selected frojn transmembrane extracellular matrix 
molecules, adhesion molecules or dispersed membrane adhesion proteins 
wrtraceUtdar matrix proteins. 
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199. The use according to claim 198 

adhesion molecule, a* selected &mj tategrins, cadherins, selecting **d 
immmioglobiilins . 



200. The use according to claim 199 characterised in that the specific antibodies or 
proton binding motifs are selected from di 





TP 







201. The use according to claim 200 cha racterised in that the dispersed membrane 
adhesion protein is RGD (arginme-glycine- aspartate). 



10 



202- The use of a magnetisable particl 



5 in association 'with a stem cell in die 



15 



manufacture of a tberapy xor m« a™*™ of a patient suffering from a border in 
which an ion channel plays a role whicn comprises the administration to such a 
patient of magnetisable particles and man! pulating the stem cell ion channels or the 
stem cells using a magnetio field external * » the body. 

* 



20 



system 

203. The use of a magnensaoie paiuyio «** — — 3 

targeting a therapeutically active agent |o a cell which comprises agomsinf 

tgaetisabls particle and 

Zultane^7aepa^ely or sequential^ administering the therapeutically active 




i in Kill 



204. A kit comprising a therapeutical^ active agent and means for associating a 
25 magnetisable particle with a cell. 

205. A method or use substmxttallj as described with reference to the 
accompanying drawings. 

30 
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